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(54) Multiplex distributed communication system having high sleep mode responsiveness 



(57) To provide a multiplex communication system 
(1) where nodes (2, 4, 6, 8) can reliably shift to a sleep 
state even though the system (1) has a very simple 
structure and even if abnormal conditions occur in any 
node, multiple nodes (2, 4, 6, 8) communicate with each 
other through a communication network (10), and when 
the individual nodes (2, 4, 6, 8) are in a state of being 
unable to shift to a sleep state, they set a sleep disable 
bit in signals (SLNG) to be transmitted and transmit 
them. When they become able to shift to the sleep state, 
the individual nodes (2, 4, 6, 8) confirm that they have 



not yet received an active sleep disable bit sent from 
other nodes (2, 4, 6, 8) continuously over a predeter- 
mined period of time or more. Thereafter, each individ- 
ual node (2, 4, 6, 8) proceeds to the sleep state. 
According to the system (1), the individual nodes (2, 4, 
6, 8) can proceed to the sleep state by simply determin- 
ing non-transmission of the sleep disable bit from other 
nodes (2, 4, 6, 8) even in the presence of nodes (2, 4, 6, 
8) deactivated due to failures. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

The present application is related to and claims pri- 5 
ority from Japanese Patent Application No. Hei 7- 
288970, incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a multiplex commu- 
nication system where a plurality of nodes mutually 
transmit and receive signals through a communication 
network. 

2. Description of Related Art 

The number of electrical components or electrical 
units mounted in a vehicle has been increasing in recent 
years in accordance with high advancement and per- 
formance of the vehicle. Wiring in the vehicle has been 
complex and made on a massive scale. Therefore, a 
multiplex communication system where a plurality of 
devices are connected to one another through a com- 
munication network to conduct communications 
between the respective device has been put into practi- 
cal use as means for resolving such a problem. 

When such a multiplex communication system is 
mounted on a vehicle, for example, power depends on 
battery power supply when the vehicle's engine is at 
rest. It is thus necessary to restrain power consunption 
to as low a level as possible. Therefore, a proposal has 
been made in which, when the system stops operating, 
nodes corresponding to respective devices which con- 
stitute the system stop their functions and when a start 
request is made, the nodes enter into a so-called sleep 
state in which they consume only the required minimum 
power corresponding to the desired degree of restarta- 
bility. 

However, in the multiplex communication system 
constructed so that the respective nodes communicate 
with each other, there is a fear that when the nodes ran- 
domly enter into the sleep state, data sent from some 
node is not processed without being received by a node 
to receive the data therein, whereby the entire system 
cannot be controlled. 

Therefore, a system has been disclosed in, for 
example, Japanese Patent Published Unexamined 
Application No. Hei 6-38276, where, when each of 
nodes constituting the system is set shiftable to a sleep 
state, it transmits a sleep signal for signalling its shifta- 
ble state to all other nodes and when each node 
receives sleep signals sent from all the communicable 
nodes when the node is in a state of being able to pro- 
ceed to the sleep state, each node is shifted to the sleep 
state. 

Namely, in the disclosed system referred to above, 



the respective nodes confirm with each other the state 
of being shiftable to the sleep state by transmitting the 
sleep signals. After all the nodes have been brought into 
the state of being able to enter into the sleep state, the 
individual nodes shift to the sleep state in unison. In the 
present system as well, when the respective nodes first 
monitor nodes which are able to communicate therewith 
and then receive the sleep signals sent from all the 
nodes determined as being communicable with the cor- 
responding nodes, the respective nodes enter into the 
sleep state. Thus, even if ones that fail to properly oper- 
ate due to failures or the like exist in the nodes constitut- 
ing the system, the respective nodes can be reliably 
shifted to the sleep state. 

In the above-described conventional multiplex com- 
munication system, however, the respective nodes 
transmit the sleep signals to advise the other nodes of 
the state of being able to shift to the sleep state. When 
the nodes that are not able to transmit the sleep signals 
due to their failures exist, they cannot enter into the 
sleep state. Therefore, countermeasures against that 
inconvenience are taken in which the respective nodes 
first monitor the nodes which are able to communicate 
therewith and then enter into the sleep state after they 
have received the sleep signals sent from at! the nodes 
communicable with the corresponding nodes. 

Thus, in the conventional multiplex communication 
system, the respective nodes must store therein the 
nodes from which the sleep signals have been transmit- 
ted. Further, they must monitor with which nodes they 
are able to communicate and store them therein. It is 
moreover necessary to execute a process for determin- 
ing whether or not the corresponding nodes are able to 
communicate with the nodes that have not transmitted 
the sleep signals (they are in a transmittable state). 
Thus, a determining process for shifting to the sleep 
state and a communications procedure become com- 
plex 

Further, in the conventional system referred to 
above, memory means (storage region) for storing 
therein the nodes from which the sleep signals have 
been transmitted and the nodes being able to communi- 
cate with the nodes are required by the number of the 
nodes which constitute the system. Therefore, a prob- 
lem arises that when the nodes are added to the sys- 
tem, the memory means must be added each time the 
nodes are added to the system and the determining 
process for the transition of the nodes to the sleep state 
must be changed, so that the extension of the system 
cannot be easily carried out. 

Incidentally, a system has been disclosed in, for 
example, Japanese Patent Published Unexamined 
Application No. Hei 4-292236 wherein when a commu- 
nication signal-free state continues on a communication 
network for a predetermined period of time, respective 
nodes themselves enter into a sleep state. However, 
such a construction can be applied to a case in which 
any one of a plurality of nodes is implemented as a mas- 
ter node for controlling the start of communications. If 
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such a construction is applied to a system constructed 
so that respective nodes mutually transmit and receive 
signals, then the respective nodes enter into a steep 
state when any of the nodes is not proper, so that the 
entire system can be controlled. 5 

SUMMARY OF THE INVENTION 

With the foregoing problems of the prior art in mind, 
it is an object of the present invention to provide a sim- 10 
ply-structured multiplex communication system having 
a plurality of nodes that are able to communicate with 
each other, where even if one of the nodes is irregular, 
the respective nodes can reliably proceed to a sleep 
state. 15 

The above object is achieved according to a first 
aspect of the present invention by providing a plurality of 
nodes connected to one another through a communica- 
tion network and a sleep determining unit, a signalling 
or notifying unit and a switching unit. 20 

The sleep determining unit makes a decision as to 
whether or not an operating state of its own node can be 
shifted to a sleep state having less power consumption 
than a normal state. When it is determined by the sleep 
determining unit that the corresponding node is not able 25 
to shift to the sleep state, the notifying unit transmits a 
signaling signal for notifying all other nodes of the result 
of determination referred to above by the sleep deter- 
mining unit. Further, the switching unit switches the 
operating state of its own node to the sleep state when 30 
it is determined that the signaling signals sent from 
other nodes are not continuously received for a prede- 
termined time interval or more where the sleep deter- 
mining unit determines that the corresponding node is 
able to shift to the sleep state. 35 

When the respective nodes reach the state in which 
they themselves can shift to the sleep state, they stop 
the transmission of the signaling signals. If they do not 
receive the signaling signals sent from other nodes for 
the predetermined period of time or more in this condi- 40 
tion, it is determined that all the nodes including them- 
selves have reached the state of being able to proceed 
to the sleep state, whereby their own operating states 
are changed from the normal state to the sleep state 
under the operation of the switching unit. 45 

Preferably, the switching unit changes the operating 
state of its own node to the sleep state when it is deter- 
mined that the signaling signals sent from other nodes 
are not continuously received by the node for the prede- 
termined time interval or more where the sleep deter- so 
mining unit determines that the corresponding node is 
able to shift to the sleep state, and thereafter when it is 
determined by the sleep determining unit that the corre- 
sponding node is capable of shifting to the sleep state 
and when it is determined whether the state of non- ss 
reception of the signaling signals sent from other nodes 
by the corresponding node has continued for the prede- 
termined time interval or more and it is determined that 
the state has continued for the predetermined time 



interval or more. 

Preferably, at least one of the plurality of nodes 
includes a start condition determining unit and a first 
starting unit in the multiplex communication system. 
The start condition determining unit determines 
whether predetermined start conditions for starting the 
system have been established when its own node is in 
the sleep state. If it is determined by the start condition 
determining unit that the start conditions have been 
established, the first starting unit switches the operating 
state of its own node from the sleep state to the normal 
state and transmits twice a start signal for notifying a 
startup of its own node to all other nodes. 

Further, all nodes including the corresponding node 
respectively include a start signal detecting unit, second 
starting unit and a transmit permitting unit. The start sig- 
nal detecting unit detects that the start signal has been 
transmitted from each of other nodes when its own node 
is in the sleep state. When the transmission of the start 
signal is detected by the start signal detecting unit, the 
second starting unit switches the operating state of its 
own node from the sleep state to the normal state to 
transmit the start signal. Further, the transmit permitting 
unit allows the operation of transmission of a desired 
signal from its own node when it is determined that the 
node has received start signals sent from all other 
nodes after the operating state of the node has been 
switched from the sleep state to the normal state. 

Also preferably, the transmit permitting unit pro- 
vided for each node in the multiplex communication sys- 
tem permits the operation of transmission of the desired 
signal from its own node regardless of conditions of the 
start signals received from other nodes when the prede- 
termined time interval has elapsed after the operating 
state of its own node has been changed from the sleep 
state to the normal state. 

Other objects and features of the invention will 
appear in the course of the description thereof, which 
follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of the present 
invention will be more readily apparent from the follow- 
ing detailed description of preferred embodiments 
thereof when taken together with the accompanying 
drawings in which: 

FIG. 1 is a diagram showing the configuration of a 
multiplex communication system according to a 
preferred embodiment of the present invention; 
FIG. 2 is a block diagram showing an internal con- 
figuration of each of the nodes which constitute the 
multiplex communication system; 
FIGS. 3 A - 3D are timing diagrams showing the 
states of transmission of the respective nodes 
shown in FIG. 2; 

FIG. 4 is a diagram showing a signal transmitted by 
each node; 
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FIG. 5 is a flowchart showing a process executed 
when a microprocessor at each node enters into a 
sleep state; 

FIG. 6 is a flowchart showing a setting process exe- 
cuted under the execution of the normal process of s 
FIG. 5; 

FIG. 7 is a flowchart showing a process executed 
when a microprocessor is in a sleep mode accord- 
ing to the embodiment; 

FIGS. 8A - 8D are timing diagrams showing the io 
operation of an A node (body ECU) at the time that 
a door on the driver's seat side of a vehicle in which 
the embodiment is installed is opened when all the 
nodes are kept in a sleep state; 
FIGS. 9A - 9D are timing diagrams showing the is 
operation of each of nodes other than the A node at 
the time that the door on the driver's seat side is 
opened when all the nodes are kept in the sleep 
state; and 

FIGS. 10A - 10D are timing diagrams showing the 20 
operation of returning of each node from the sleep 
state to the normal state. 



DETAILED DESCRIPTION OF THE PRESENTLY PRE- 
FERRED EXEMPLARY EMBODIMENTS 
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A preferred embodiment of the present invention 
will hereinafter be described with reference to the 
accompanying drawings. 

FIG. 1 is a diagram showing the configuration of a 30 
multiplex communication system 1 according to the 
embodiment. The multiplex communication system 1 
according to this embodiment controls an engine, an air 
conditioner, meters and other electrical components 
mounted on a vehicle. 35 

As shown in FIG. 1, the multiplex communication 
system 1 has an A node 2 which is a controller (herein- 
after called "body ECU") for controlling various electrical 
components such as an automatic door lock, a power 
window, etc., a B node 4 which is a controller (hereinaf- 40 
ter called "meter ECU") for controlling instruments and 
warning or alarm lights in a meter panel, a C node 6 
which is a controller (hereinafter called "engine ECU") 
for controlling the engine, and a D node 8 which is a 
controller (hereinafter called "air conditioner ECU") for 45 
controlling the air conditioner. The four nodes 2. 4, 6 
and 8 are connected to one another through a multiplex 
communication network (hereinafter called "communi- 
cation network") 10 and serially communicate with each 
other. so 

The C node (engine ECU) 6 detects a state of driv- 
ing or operation of a vehicle based on signals detected 
from various sensors such as a vehicle speed sensor 12 
for detecting the speed of the vehicle, a crank angle 
sensor 1 4 for detecting the number of revolutions of the ss 
engine per predetermined time unit (hereinafter called 
merely "engine speed") and a coolant temperature sen- 
sor 16 for detecting a cooling water temperature (here- 
inafter called merely "water temperature") of an engine, 



etc. The C node 6 drives an injector 18, an igniter 20 
and the like based on the result of detection to thereby 
maintain the engine in an optimum operating state. 

Further, the C node 6 transmits data indicative of 
operating states such as the vehicle speed, engine 
speed and water temperature or the like detected as 
described above and activates an A/C magnet clutch 22 
in response to an air conditioner control signal sent from 
the D node (air conditioner ECU) 8 as will be described 
later to transfer a driving force of the engine to a coolant 
compressor of the air conditioner, thereby enabling the 
operation of cooling by the air conditioner. 

On the other hand, when an air conditioner switch 
24 is turned on by a vehicle driver or the like, the D node 
(air conditioner ECU) 8 transmits the aforementioned air 
conditioner control signal to the C node 6 to activate the 
A/C magnet clutch 22. The D node 8 detects the vehi- 
cle's inside and outside temperatures based on signals 
detected by an outside air sensor 26 and an inside air 
sensor 28. Further, the D node 8 drives an air blower 
motor 30, an air mix damper 32 or the like for changing 
the distribution of air in response to the result of detec- 
tion and the data indicative of the vehicle speed, engine 
speed and water temperature sent from the C node 6 to 
thereby control air conditioning in the vehicle's interior. 
On the other hand, the A node (body ECU) 2 further 
receives therein a signal input from a driver's seat door 
switch 34 turned on when the door on the driver's seat 
side is opened, signals input from respective door 
switches respectively turned on/off in response to the 
opening and closing of the respective vehicle doors, and 
a signal input from a parking brake switch 36 or the like 
turned on when a vehicle's parking brake is pulled up, 
and sends switch signals respectively indicative of 
on/off states of the respective switches. 

Moreover, the A node 2 drives a door lock motor 38 
according to the operation of a door lock switch (not 
shown) to thereby control the locking and unlocking of 
the door. When the vehicle speed is greater than or 
equal to a predetermined value, the A node 2 drives the 
door lock motor 38 based on the data indicative of the 
vehicle speed sent from the C node 6 to thereby auto- 
matically lock the door. 

The B node (meter ECU) 4 drives a speed meter 
40, a tachometer 42 and a water temperature meter (not 
shown) or the like in the meter panel in response to the 
data indicative of the vehicle speed, engine speed and 
water temperature or the like sent from the C node 6. 
Further, the B node 4 causes a half-open door warning 
light 44 indicative of the opening of the door, a brake 
warning light 46 indicative of the pulling up of the park- 
ing brake, etc. to light up in response to various switch 
signals sent from the A node 2. 

The above-described nodes 2, 4, 6 and 8 respec- 
tively have an internal configuration shown in FIG. 2. 

Namely, each of the nodes 2, 4, 6 and 8 includes a 
communication circuit 46 for providing serial communi- 
cations between the nodes through the communication 
network 10, a microprocessor 50 for processing the 
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communications made through the communication cir- 
cuit 48, for controlling its own controlled system or 
object, etc., a power circuit 52 for converting a voltage 
(normally 10V to 15V) produced from a vehicle battery 
BT to a predetermined source voltage (5V in the present 
embodiment) Vcc and supplying it to the communication 
circuit 48, the microprocessor 50 and the like, and a 
power control circuit 54 for controlling the supply of 
power from the power circuit 52 to the communication 
circuit 48 based on a command issued from the micro- 
processor 50. 

The communication circuit 48 sends transmit data 
outputted from the microprocessor 50 to the communi- 
cation network 10 as a transmit signal and outputs an 
interrupt signal to the microprocessor 50 each time the 
communication circuit 48 receives a signal sent from the 
other nodes through the communication network 10 by 
a predetermined frame. When the microprocessor 50 
receives the interrupt signal from the communication 
circuit 48, the microprocessor 50 reads the data 
received by the communication circuit 48. 

Further, each of the nodes 2, 4, 6 and 8 has two 
oscillating elements 56a and 56b as elements for gener- 
ating clocks for activating the microprocessor 50. One 
oscillating element 56a generates a clock of a fre- 
quency (4 MHz in the present embodiment) sufficient for 
normal operation, whereas the other oscillating element 
56b generates a clock of a frequency (30 kHz in the 
present embodiment) lower than the above frequency. 
The microprocessor 50 includes two oscillator circuits 
58a and 58b for respectively oscillating the oscillating 
elements 56a and 56b and a selector 60 for activating 
either one of the oscillator circuits 58a and 58b and out- 
putting a clock obtained from the activated oscillating 
circuit as an operating clock. Namely, the microproces- 
sor 50 is able to switch its own operating clock to either 
one of 4 MHz and 30 kHz. 

The microprocessor 50 in each of the nodes 2, 4, 6 
and 8 constructed in this way activates the oscillating 
element 56a and the oscillator circuit 58a to operate 
based on the clock of 4 MHz when the microprocessor 
50 is placed in a normal mode for performing a normal 
operation, and gives a command to the power control 
circuit 54 so that the source voltage Vcc is supplied from 
the power circuit 52 to the communication circuit 48. 
When predetermined conditions to be described later 
are established, the microprocessor 50 activates the 
oscillating element 56b and the oscillator circuit 58b to 
operate based on the clock of 30 kHz thereby to enter 
into a sleep mode in which power consumption is less 
provided. Further, the microprocessor 50 gives a com- 
mand to the power control circuit 54 before entering into 
the sleep mode to reduce the supply of power from the 
power circuit 52 to the communication circuit 48. 

Accordingly, each of the nodes 2, 4, 6 and 8 is 
brought into the normal state when the microprocessor 
50 is in operation in the normal mode. When the micro- 
processor 50 enters the sleep mode, the power con- 
sumed incident to the operation of the microprocessor 



50 is reduced and the supply of the power to the com- 
munication circuit 48 is cut off. Therefore, the micro- 
processor 50 is brought into the sleep state 
corresponding to a state in which power consumption is 

5 extremely low. 

A summary of communications made among the 
respective nodes 2, 4, 6 and 8 under normal conditions 
and signals transmitted and received thereamong will 
next be described. 

10 First, as shown in FIGS. 3A - 3D, the nodes 2, 4, 6 
and 8 respectively periodically transmit signals in prede- 
termined periodic transmit periods or cycles of Ta 
through Td under normal conditions and send signals 
when some events have occurred such as state 

15 changes in input signals from switches. 

The signal transmitted by each of the nodes 2, 4, 6 
and 8 has a frame structure shown in FIG. 4. Namely, 
one frame of the transmit signal is composed of a field 
SOF indicative of the head of the frame; a field ID indic- 

20 ative of a node name to receive the corresponding 
frame, the type of corresponding frame or the like; a 
field DATA indicative of a region for transmitting various 
data, switch signals and control signals or the like; a 
field CRC indicative of check data for detecting a com- 

25 munications error; a field ACK for allowing the node 
having received the corresponding frame to notify the 
completion of its reception to the node corresponding to 
the transmitting origin; and a field EOF indicative of the 
end of the frame. 

30 As indicated by a broken line in FIG. 4, the DATA 
field in each of the signals transmitted by the nodes 2, 4, 
6 and 8 includes a bit (hereinafter called "sleep disable 
bit") SLNG used as a flag for notifying other nodes that 
the corresponding node is placed in a state (hereinafter 

35 called "sleep disable state") of being unable to enter into 
the sleep state. 

Namely, when the signal from the switch, which has 
been input to each of the nodes 2, 4, 6 and 8, is placed 
in a state in which each node has to perform some con- 

40 trol and the corresponding node controls an actuator or 
the like, the node is in the sleep disable state, and 
hence sets the sleep disable bit SLNG to an active state 
("1" in the present embodiment) indicative of the sleep 
disable state and transmits it therefrom. Otherwise, the 

45 node is in a sleep enable state. Thus, the node sets the 
sleep disable bit SLNG to an inactive state ("0" in the 
present embodiment) indicative of the sleep enable 
state. 

For example, when the driver's seat door switch 34 
so is turned on due to the opening of the door on the 
driver's seat side and the half-open door warning light 
44 in the meter panel must be lit, the A node (body 
ECU) 2 transmits a switch signal indicative of the turn- 
ing on of the driver's seat door switch 34 while making 
55 the sleep disable bit SLNG active, thereby causing the B 
node (meter ECU) 4 to light the half-open door warning 
light 44. 

In the present embodiment, if the sleep disable bit 
SLNG sent from each of other nodes is active even if 
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each of the nodes 2, 4, 6 and 8 itself is in the sleep ena- 
ble state, then the node does not proceed to the sleep 
state. Further, if each of the nodes 2, 4, 6 and 8 does 
not continuously receive therein the active sleep disable 
bits SLNG sent from other nodes for a predetermined s 
period of time or more where each of the nodes 2, 4, 6 
and 8 itself is placed in the steep enable state, it makes 
the sleep disable bit SLNG inactive and transmits it 
therefrom, and all the nodes including the correspond- 
ing node itself are regarded as having been able to pro- 
ceed to the sleep state and proceed from the normal 
state to the sleep state for the first time at that time. 

Processes executed by the microprocessor 50 
included in each of the nodes 2, 4, 6 and 8 upon transi- 
tion of the microprocessor to the sleep state will next be 
described with reference to flowcharts shown in FIGS. 5 
and 6. 

In Step (hereinafter called simply "S") 110 as 
shown in FIG. 5, the microprocessor 50 in each of the 
nodes 2, 4, 6 and 8 first executes a normal process for 
performing the periodic signal transmission and the sig- 
nal transmission at the time of the occurrence of the 
event as shown in FIGS. 3 A - 3D and performing control 
on its own controlled system or object. 

During the normal process, the microprocessor 50 
executes a setting process shown in FIG. 6 to thereby 
set a sleep disable bit SLNG in the signals to be trans- 
mitted active or inactive. Namely, it is first determined in 
S210 whether the node for such a microprocessor 50 
itself is in the sleep enable state. If it is determined in 
S210 that the node is not in the sleep enable state, then 
the microprocessor 50 proceeds to S220 where the 
sleep disable bit SLNG is rendered active (set to 1). On 
the other hand, when the answer is determined to be 
YES in S210, the microprocessor 50 proceeds to S230 
where the sleep disable bit SLNG is made inactive (set 
toO). 

Once the execution of such a normal process is fin- 
ished, the microprocessor 50 proceeds to S1 20 where it 
makes a decision as to whether its own node is in the 
sleep enable state. If the answer is determined to be NO 
in S120, then the microprocessor 50 returns to S1 10. If 
the answer is determined to be YES in S120, then the 
microprocessor 50 proceeds to S130 where it makes a 
decision as to whether an active sleep disable bit SLNG 
sent from each of other nodes has been received within 
a predetermined time interval. If the answer is deter- 
mined to be YES in S130, then the microprocessor 50 
goes back to S110. 

incidentally, the predetermined time interval deter- 
mined in S130 is set to a time interval in which it is esti- 
mated that all the nodes other than the corresponding 
node will perform signal transmission once. In the 
present embodiment, the periodic transmit cycles Tb, 
Tc and Td of the B node 4, C node 6 and D node 8 are 
ail equal to each other and only the periodic transmit 
cycle Ta of the A node 2 is set shorter than others as 
shown in FIGS. 3A - 3D. Therefore, the above-described 
predetermined time interval is set to a value larger than 



each of the periodic transmit cycles Tb through Td of the 
B node 4 through D node 8. 

On the other hand, if it is determined in S130 that 
the active sleep disable bit SLNG sent from each of 
other nodes has not been received within the predeter- 
mined time interval, then the microprocessor 50 deter- 
mines that all the nodes including its own node have 
been brought into the sleep enable state and proceeds 
to S140 where it shifts to a sleep waiting state in which 
the periodic transmission is stopped and only the 
receive operation is performed. 

When the microprocessor 50 enters into the sleep 
waiting state, it determines in S150 whether events (I.e., 
a change of state of each switch, etc.) have occurred in 
its own node. If the answer is determined to be YES in 
S150, then the microprocessor proceeds to S160 where 
it transmits a wakeup signal WP for notifying the reset- 
ting of itself to the normal state to other nodes and 
thereafter returns to S110 where the execution of the 
normal process is resumed. 

Incidentally, the wakeup signal WP is disposed 
within the ID field shown in FIG. 4, for example, and 
transmitted. The wakeup signal WP does not influence 
a node that is performing the normal operation but has 
the function of allowing a node placed in the sleep wait- 
ing state or sleep state to perform the normal operation. 
In S160, the sleep disable bit SLNG may be rendered 
active and transmitted as an alternative to the wakeup 
signal WP. 

On the other hand, when the answer is found to be 
NO in S150, the microprocessor 50 proceeds to S170 
where it is determined whether an active sleep disable 
bit SLNG sent from each of other nodes or the wakeup 
signal WP sent from each of other nodes has been 
received. Even when it is determined in S1 70 that either 
one of them has been received, the microprocessor 50 
proceeds to S1 60 where the wakeup signal WP is trans- 
mitted. Thereafter, the microprocessor 50 returns to 
S110 where it resumes the execution of the normal 
process. 

If it is determined in S170 that both of the active 
sleep disable bit SLNG and the wakeup signal WP have 
not been received, then the microprocessor 50 pro- 
ceeds to S180 where it shifts to the sleep waiting state 
and determines whether a predetermined time interval 
has elapsed. If the answer is found to be NO in S180, 
then the microprocessor 50 returns to S140, whereas if 
the answer is found to be YES in S180, it proceeds to 
S190. 

In S190, the microprocessor 50 instructs the power 
control circuit 54 to reduce the supply of the power to 
the communication circuit 48. In S200, the microproces- 
sor 50 deactivates the oscillating element 56a and the 
oscillator circuit 56a which have been oscillating up to 
that point, and activates the oscillating element 56b and 
the oscillating circuit 58b in place of them. As a result, 
the microprocessor 50 enters into a sleep mode in 
which it is activated based on the clock (clock mode = 
Lo) of 30 kHz which is lower in frequency than the nor- 
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mal state. Thus, the corresponding node is brought into 
the sleep state. 

In the present embodiment, the processes in S120, 
S150 and S210 correspond to a process which func- 
tions as a sleep determining means, the process in 5 
S220 corresponds to a process which functions as a 
notifying or signaling means, and the processes in 
S130, S140 and S170 through S200 correspond to a 
process which functions as a switching means. 

Namely, the multiplex communication system 1 10 
according to the present embodiment determines (in 
S120 and S210) whether each of the nodes 2, 4, 6 and 
8 is in the sleep enable state. If it is determined that 
each node is not in the sleep enable state (i.e., if the 
answer is found to be NO in S120 and S210), then the is 
node makes the sleep disable bit SLNG active and 
transmits It therefrom (S220) to thereby notify its own 
sleep disable state to all the other nodes. 

When each of the nodes 2, 4, 6 and 8 itself reaches 
the sleep enable state (i.e., if the answer is found to be 20 
YES in S120 and S210), the node stops the transmis- 
sion of the active sleep disable bit SLNG (S230). If it is 
determined that the active sleep disable bit SLNG sent 
from each of other nodes has not been received contin- 
uously for the predetermined time interval or more (i.e., 25 
if the answer is found to be NO in S130), then all the 
nodes including the corresponding node are deter- 
mined to have been brought into the sleep enable state 
and proceed to the sleep waiting state. Thereafter, the 
operating state of the corresponding node is switched to 30 
the sleep state (S190 and S200). 

A tester or the like for checking each node and the 
state of communications cannot determine or detect 
whether other nodes are in the sleep waiting state or in 
the sleep state or they are not under transmission due 35 
to the absence of a signal to be transmitted even though 
they are in the normal state. Therefore, in order to cause 
other nodes to determine when the operating state is 
shifted to another state, a signal for notifying a shift to 
the sleep waiting state and a signal for notifying a shift 40 
to the sleep state are determined in advance. Further, 
the signals may be respectively transmitted when it is 
determined in S130 that the predetermined time interval 
has elapsed and the microprocessor 50 proceeds to 
S140 and when it is determined in S180 that the prede- 45 
termined time interval has elapsed and the microproc- 
essor 50 proceeds to S190. 

According to the multiplex communication system 1 
of this embodiment, the nodes 2, 4, 6 and 8 can mutu- 
ally check, based on the decision that the active sleep so 
disable bits SLNG have not been sent from other nodes, 
whether they have been brought into the sleep enable 
state. Therefore, each node can be reliably shifted to 
the sleep state without discriminating between commu- 
nicable nodes and the need for a complex determining ss 
process as in the above-described conventional system 
even if nodes capable of performing transmit operations 
due to failures or the like exist. Accordingly, a vehicle 
prone to having dead batteries can reliably reduce 
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power to be used up by the battery BT. 

In the multiplex communication system 1 according 
to the present embodiment as well, since the supply of 
the power from the power circuit 52 to the communica- 
tion circuit 48 is cut off when the individual nodes 2, 4, 6 
and 8 enter into the sleep state, power consumption can 
be further reduced. 

Further, according to the multiplex communication 
system 1, since each of the nodes 2, 4, 6 and 8 is con- 
structed to proceed to the sleep state by simply deter- 
mining that no active sleep disable bits SLNG are sent 
from other nodes, nodes can be additionally provided 
without a change in determining process for shifting to 
the sleep state and hence the system has excellent 
expandability. 

Moreover, in the multiplex communication system 
1 , when all the nodes enter into the sleep enable state 
(i.e., when the answer is determined as negative in 
S130), they first proceed to the sleep waiting state with- 
out immediately entering into the sleep state and then 
execute the processes of S140 through S180. Thus, 
each node enters into the sleep state after it is con- 
firmed that the node is in the sleep enable state and the 
state in which the sleep disable bits SLNG are not sent 
from other nodes continue over the predetermined time 
interval. Therefore, the multiplex communication system 
according to the present embodiment can more reliably 
determine whether each node should shift to the sleep 
state. 

On the other hand, when each of the nodes 2, 4, 6 
and 8 in the multiplex communication system 1 accord- 
ing to the present embodiment is brought into the sleep 
state as described above, i.e., when the microprocessor 
50 enters into the sleep mode, the microprocessor 50 is 
activated based on the slow clock of 30 kHz to detect 
the state of the signal directly inputted from each switch 
or the like and the state of the communication network 
1 0. When the microprocessor 50 detects changes in the 
states, the microprocessor 50 starts (wakes up) the 
entire system. 

A process executed by the microprocessor 50 
included in each of the nodes 2, 4, 6 and 8 upon transi- 
tion of the microprocessor 50 to the sleep mode will next 
be described with reference to a flowchart shown in 
FIG. 7. 

When each individual node 2, 4, 6 or 8 enters into a 
sleep state as shown in FIG. 7, the microprocessor 50 
first determines in S3 10 whether an event (La, a 
change of state of each switch or the like other than the 
communication network 10) has occurred in its own 
node. If the answer is found to be NO in S310. then the 
microprocessor 50 proceeds to S320 where it is deter- 
mined whether a communication signal is produced in 
the communication network 10. If it is determined in 
S320 that the communication signal has not been pro- 
duced, then the microprocessor 50 returns to S310. 

On the other hand, if the microprocessor 50 deter- 
mines that the event has occurred in its own node, then 
the microprocessor 50 proceeds to S330 where it deac- 
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tivates the oscillating element 56b and the oscillator cir- 
cuit 58b which have been oscillating up to this point and 
activates the oscillating element 56a and the oscillator 
circuit 58a in place of them. As a result, the microproc- 
essor 50 starts operating based on the clock (clock 5 
mode ■ Hi) of 4 MHz for the normal operation. 

In S340, the microprocessor 50 instructs the power 
control circuit 54 to supply the source voltage Vcc from 
the power circuit 52 to the communication circuit 48, 
thereby returning the corresponding node to the com- 10 
municable normal state. 

Further, the microprocessor 50 sends the above- 
described wakeup signal WP twice in S350 to return 
other nodes from the sleep state to the normal state. 
The first wakeup signal WP transmitted in S350 serves 15 
to shift all other nodes from the sleep state to a receiva- 
ble state. The second wakeup signal WP serves to 
notify a receivable state of the node of the microproces- 
sor 50 to the nodes brought into the receivable state by 
the first wakeup signal WP. 20 

When the process in S350 is executed, the micro- 
processor 50 proceeds to S360 where it enters into a 
transmit waiting state in which only the receive opera- 
tion is performed. The first wakeup signal WP of the 
wakeup signals WP transmitted twice in S350 is 25 
detected by the process in S320 at other nodes. Other 
nodes transmit the wakeup signals WP as will be 
described later. Therefore, when the microprocessor is 
in the transmit waiting state, the microprocessor 50 first 
determines in S370 whether wakeup signals WP sent 30 
from all the nodes other than its own node have been 
received. If the answer is found to be NO in S370, then 
the microprocessor 50 proceeds to S380 where it is 
determined whether a predetermined time interval has 
elapsed since it has entered into the transmit waiting 35 
state. If the answer is found to be NO in S380, then the 
microprocessor 50 returns to S360. 

The communication circuit 48 starts operating from 
the time when supplied with the source voltage Vcc and 
outputs an interrupt signal to the microprocessor 50 40 
each time the communication circuit 48 receives therein 
the signal sent from each of other nodes by the prede- 
termined frame, as already described above. Since the 
microprocessor 50 reads the received data from the 
communication circuit 48 when the microprocessor 50 45 
receives the interrupt signal from the communication 
circuit 48, the operation for receiving the wakeup signals 
WP from other nodes can be done immediately after the 
supply of the source voltage Vcc to the communication 
circuit 48. Thus, the process in S370 makes a decision, so 
based on the received data read as described above 
and sent from the communication circuit 48, as to 
whether or not the wakeup signal WP has been sent 
from any of the nodes. 

If it is determined in S370 that the wakeup signals ss 
WP have been received from all other nodes, or if it is 
determined in S380 that the predetermined time interval 
has elapsed, then the routine procedure proceeds to 
S390 where it is determined whether it is necessary to 



transmit an event frame with a switch signal or the like 
disposed therein to the DATA frame shown in FIG. 4. If 
the answer is found to be YES in S390, then the execu- 
tion of the normal process (S110) is resumed in S400 
after transmission of the event frame. If the answer is 
found to be NO in S390, then the execution of the nor- 
mal process is resumed as it is. 

On the other hand, if it is determined in S320 that 
the communication signal has been produced in the 
communication network 10, i.e., if the wakeup signal 
WP (the first wakeup signal WP obtained in S350) sent 
from another node is detected when the corresponding 
node is in the sleep state, then the routine procedure 
proceeds to S410 where the microprocessor 50 acti- 
vates the oscillating element 56a and the oscillator cir- 
cuit 58a exactly in the same manner as S330 to start 
operating based on the clock (clock mode = Hi) of 4 
MHz for the normal operation. In S420, the microproc- 
essor 50 instructs the power control circuit 54 to supply 
the source voltage Vcc from the power circuit 52 to the 
communication circuit 48. Thus, in this case, the corre- 
sponding node is returned to the communicable normal 
state at the time that the process in S420 has been fin- 
ished. 

In S430, the microprocessor 50 transmits the 
wakeup signal WP to notify its own startup to other 
nodes, followed by proceeding to S360 where the 
above-described processes (S360 through S400) are 
executed and thereafter the execution of the normal 
process (S1 10) is resumed. 

In the present embodiment, the process in S310 
corresponds to a process which serves as a start condi- 
tion determining means, and the processes in S330 
through S350 correspond to a process which functions 
as a first starting means. Further, the process in S320 
corresponds to a process which serves as a start signal 
detecting means, the processes in S410 through S430 
correspond to a process which functions as a second 
starting means, and the processes in S360 through 
S380 correspond to a process which works as a trans- 
mit permitting means. 

In the multiplex communication system 1 according 
to this embodiment for executing the processing shown 
in FIG. 7, when it is determined by the process in S310 
that the event has occurred in any of the nodes while all 
the nodes 2, 4, 6 and 8 are in the sleep state, the corre- 
sponding node (hereinafter called "start node") is 
returned from the sleep state in which the microproces- 
sor operates based on the low-speed clock of 30 kHz to 
the normal state in which the microprocessor operates 
based on the high-speed clock of 4 MHz in accordance 
with the processes of S330 to S350 and transmits the 
wakeup signal WP used as a start signal twice. 

In doing so, each of other nodes other than the start 
node detects the first wakeup signal WP of the wakeup 
signals WP transmitted twice as described above in 
accordance with the process in S320. Correspondingly, 
each of the nodes other than the start node is returned 
from the sleep state to the normal state in accordance 
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with the processes of S410 to S430 and the corre- 
sponding node itself transmits the wakeup signal WR 

All the nodes including the start node are returned 
from the sleep state to the normal state as described 
above and thereafter temporarily enter into the transmit 
waiting state in which only the receive operation is per- 
formed. If it is determined based on the processes of 
S360 through S380 that the wakeup signals WP sent 
from all the nodes other than the corresponding node 
itself have been received or that the predetermined time 
interval has elapsed, it is determined that at! the nodes 
have been brought into the receivable state (transmit 
waiting state). Thus, the operation of transmission of a 
desired signal from the corresponding node is allowed 
and the desired signal (event frame) is transmitted if 
necessary in accordance with the processes in S390 
and S400. 

Since each of the nodes other than the start node is 
returned from the sleep state to the normal state in 
response to the first wakeup signal WP sent from the 
start node, there is a possibility that the first wakeup sig- 
nal WP cannot be received by the node due to its return 
delay. Even in such a case, each of the nodes other than 
the start node reliably receives the second wakeup sig- 
nal WP sent from the start node, thereby making it pos- 
sible to detect that the start node is in the receivable 
state (transmit waiting state). 

On the other hand, the node, i.e.. start node that 
has detected the change of state of the switch (the 
occurrence of the event) in S3 10 to start the entire sys- 
tem, transmits a switch signal indicative of the change of 
state of the switch in the form of the event frame. During 
the process of resuming the normal process from the 
sleep state, each of other nodes started up by the start 
node transmits the event frame in S400 when data to be 
transmitted is produced due to the change of state of 
the switch or the like, which has been input thereto. 

Operation based on the execution of the processes 
shown in FIG. 7 will now be described with reference to 
FIGS. 8A - 10D by taking as an example the case in 
which the driver's seat door is opened when all the 
nodes 2, 4, 6 and 8 are respectively in the sleep state. 

When the driver's seat door is open, the driver's 
seat door switch 34 changes from an off to an on state 
as shown in FIG. 8A. In doing so, the A node (body 
ECU) 2 detects its change (i.e., the answer is found to 
be YES in S3 10) and the operating clock of the micro- 
processor 50 is switched from the low-speed clock (on- 
sleep mode clock) of 30 kHz to the high-speed clock 
(on-normal mode clock) of 4 MHz. Further, the source 
voltage Vcc is supplied to the communication circuit 48. 
As a result, the A node 2 is returned to the communica- 
ble normal state (S330 and S340). Next, the A node 2 
transmits the wakeup signal WP to the communication 
network 10 (transmission line) twice to start up other 
nodes 4, 6 and 8 (S350). 

The signal sent through the driver's seat door 
switch 34 is inputted to an input port of the microproces- 
sor 50 of the A node 2. Further, the microprocessor 50 



of the A node 2 samples the signal inputted to the input 
port thereof in a predetermined cycle as indicated by 
upward arrows in FIG. 8C to thereby detect the change 
of state of the driver's seat door switch 34. 

s Thus, when the wakeup signal WP is transmitted 
twice from the A node 2, the nodes 4, 6 and 8 other than 
the A node 2 first detect the first wakeup signal WP sent 
from the A node 2 (i.e., the answer is found to be YES in 
S320) as shown in FIGS. 9A - 9D. In doing so, the oper- 

io ating clock of the microprocessor 50 in each of the 
nodes 4, 6 and 8 is switched from the on-sleep mode 
clock to the on-normal mode clock and the source volt- 
age Vcc is supplied to the communication circuit 48. As 
a result, the individual nodes 4, 6 and 8 other than the A 

15 node 2 are also returned to the communicable normal 
state (S410and S420). 

When each of the nodes 2, 4, 6 and 8 is kept in the 
sleep state in the present embodiment, the microproc- 
essor 50 monitors a change in the level of the communi- 

20 cation network 1 0 through the normal input port thereof. 
Upward arrows in FIGS. 9C show sampling timing pro- 
vided to detect the change in the level of the communi- 
cation network 10 by the microprocessor 50. 

The nodes 4, 6 and 8, which have been returned to 

25 the normal state by the first wakeup signal WP sent 
from the A node 2, respectively receive therein the sec- 
ond wakeup signal WP sent from the A node 2 as shown 
in FIGS. 10A - 10D and respectively transmit wakeup 
signals WP indicative of their startups to the communi- 

30 cation network 10 (S430). 

In doing so, the A node 2 receives therein the 
respective wakeup signals WP sent from other nodes 4, 
6 and 8 and other nodes 4, 6 and 8 also respectively 
receive therein respective wakeup signals WP sent from 

35 nodes other than themselves. As a result, the respective 
nodes 2, 4, 6 and 8 determine that all the nodes consti- 
tuting the system have been brought into a receivable 
state (i.e., the answer is found to be YES in S370). 
In the present embodiment, only the A node 2 

ao determines as necessary to transmit an event frame 
(i.e., the answer is found to be YES in S390) and trans- 
mits an event frame including a switch signal (the "D- 
seat door opening" field in FIG. 10A) indicative of the 
turning on of the driver's seat door switch 34 (S400). In 

45 doing so, the B node (meter ECU) 4 receives therein the 
event frame sent from the A node 2 to turn on the half- 
open door warning light 44 in the meter panel. 

Incidentally, an arrow indicated at a time t1 in FIG. 
10A shows timing in which the driver's seat door is 

so opened. 

In the multiplex communication system 1 according 
to the present embodiment as described above, the 
node (start node) which has determined that the event 
for starting the corresponding system has occurred is 
55 first returned from the sleep state to the normal state 
and transmits the wakeup signal WP therefrom twice. 
Further, the node returns all the other nodes from the 
sleep state to the normal state based on the first 
wakeup signal WP of the twice-transmitted wakeup sig- 



9 



17 



EP 0 773 650 A2 



18 



nals WR When the respective nodes other than the start 
node are also returned to the normal state, they send 
the wakeup signals WP respectively. When all the 
nodes including the start node all receive therein the 
wakeup signals WP sent from other nodes other than 5 
themselves, it is determined that all the nodes have 
been returned to the normal state, and the operation of 
transmission of the desired signals is started. 

Thus, according to the multiplex communication 
system 1 having a simple structure as in this embodi- 10 
ment, as described above, each node can reliably pro- 
ceed to the sleep state. Further, when the individual 
nodes restart from the sleep state, the respective nodes 
2, 4, 6 and 8 start to transmit the desired signals after 
having confirmed that all the nodes have completely is 
been returned to the normal state. Therefore, when the 
individual nodes restart from the sleep state, they can 
reliably communicate with one another without missing 
reception of the communication signals. 

Also, in the multiplex communication system 1 of 20 
this embodiment, the node (start node) firstly returned 
from the sleep state to the normal state transmits the 
wakeup signal WP twice. Therefore, other nodes can 
reliably receive the second wakeup signal WP even if 
they cannot receive the first wakeup signal WP sent 25 
from the start node. Thus, all the nodes 2, 4, 6 and 8 
can reliably check or detect that they have been 
returned to the normal state, to be able to start the 
transmission of the desired signals. 

Further, in the multiplex communication system 1 30 
according to this embodiment, even when the respec- 
tive nodes cannot receive the wakeup signals WP sent 
from all other nodes after their own operating states 
have been changed from the sleep state to the normal 
state respectively, the operation of transmission of the 35 
desired signals from its own nodes is permitted after 
elapse of the predetermined time interval (i.e., the 
answer is found to be YES in S380). 

Thus, according to the multiplex communication 
system 1 of this embodiment, since the operation of 40 
transmission of desired signals from other nodes is 
allowed even if any node cannot transmit the wakeup 
signal WP due to its failure or the like, it is possible to 
ensure communications made between the normal 
nodes. 45 

In the above-described embodiment, when each of 
the nodes 2, 4, 6 and 8 is kept in the sleep state, the 
microprocessor 50 is activated based on the clock (30 
kHz) whose frequency is low and detects the change of 
state of the switch or the communication network 10 so 
through its normal input port. However, the microproc- 
essor 50 may be constructed to stop its operating clock 
when each node is in the sleep state. In this case, when 
the state of the communication network 10 or the signal 
sent from the switch changes, each node may be set to ss 
return to the normal state by externally interrupting the 
microprocessor 50. 

Alternatively, even when the two kinds of operating 
clocks are used, each node may be returned from the 



sleep state to the normal state by externally interrupting 
the microprocessor when the state of the switch or the 
communication network 10 changes. 

Even when the power control circuit 54 for supply- 
ing the power to the communication circuit 48 is omitted, 
current consumption at the time of the sleep state can 
be reduced by a reduction in the frequency of the oper- 
ating clock. However, this arrangement does not pro- 
duce a current-consumption reducing effect of the 
extent obtained by stopping the supply of the power 
from the communication circuit 48 to the power circuit 
52. 

The multiplex communication system 1 according 
to the above-described embodiment has been 
described in detail in connection with the case in which 
ail the nodes are able to proceed to the sleep state. 
However, the multiplex communication system 1 is not 
necessarily limited to this arrangement. For example, 
the multiplex communication system 1 may be con- 
structed by connecting nodes or the like (corresponding 
to nodes configured to be unable to proceed to the 
sleep state) activated only when a normally-operated 
node or an ignition key is operated. In this case, the 
communications similar to the aforementioned embodi- 
ment are made between the nodes constructed to be 
able to shift to the sleep state. 

Although the present invention has been fully 
described in connection with the preferred embodiment 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
will become apparent to those skilled in the art Such 
changes and modifications are to be understood as 
being included within the scope of the present invention 
as defined by the appended claims. 

Claims 

1. A node (2, 4, 6, 8) for a multiplex communication 
system (1) in which a plurality of nodes (2, 4, 6, 8) 
connected to one another through a communication 
network (10) are capable of mutually transmitting 
and receiving signals, said node (2, 4, 6, 8) com- 
prising: 

sleep determining means (50, S120, S150, 
S210) for determining whether an operating 
state of said node (2, 4, 6, 8) is permitted to 
shift from a normal state to a sleep state having 
less power consumption than said normal 
state; 

a communication circuit (48) for transmitting 
signals from said node (2, 4, 6, 8) and for 
receiving signals sent to said node (2, 4, 6, 8), 
said communication circuit (48) including 

notifying means (50, S210, S220) for 
transmitting signaling signals (SLNG) rep- 
resentative of a non-sleep enabled state of 
said node (2, 4, 6, 8) to other nodes (2, 4, 
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6, 8) responsive to a determination by said 
sleep determining means (50, S120, S150, 
S210) that said node (2, 4, 6, 8) is not per- 
mitted to shift to said sleep state, and 
receiving means (48) for receiving signal- s 
ing signals (SLNG) from other nodes; 

reception timing means (50, S180) for measur- 
ing a continuous time period during which said 
receiving means (48) does not receive said sig- w 
naling signals (SLNG) sent from other nodes 
(2, 4, 6, 8); and 

switching means (50, S190, S200) for, respon- 
sive to a determination by said sleep determin- 
ing means (50, S120, S150, S210) that said 15 
node is permitted to shift to said sleep state, 
switching said operating state of said node (2, 
4, 6, 8) to a sleep state when said time period 
measured by said reception timing means (50, 
S1 80) exceeds a predetermined value. 20 

2. The node of claim 1 , wherein: 

said sleep state is a sleep waiting state; 

said switching means (50, S190, S200) is 
further for, when said node (2, 4, 6, 8) is in said 25 
sleep waiting state, switching said operating state 
of said node (2, 4, 6, 8) to a sleep enable state 
when said time period measured by said timing 
means (50, S180) exceeds a predetermined value. 

30 

3. The node of claim 2, further comprising: 

start condition determining means (50, S310) 
for determining whether predetermined start 
conditions for starting said system (1) have 35 
been established when said node (2, 4, 6. 8) is 
in said sleep state; and 

first starting means (50, S330-S350) for switch- 
ing said operating state of said corresponding 
node (2, 4, 6, 8) from said sleep state to said 40 
normal state when said start condition deter- 
mining means (50, S310) determines that said 
start conditions have been established and 
transmitting twice a start signal (WP) for notify- 
ing a startup of said node (2, 4, 6, 8) to other 45 
nodes (2, 4, 6, 8) in said system (1); 
start signal detecting means (50, S320) for 
detecting that a start signal (WP) has been 
transmitted from another node (2, 4, 6, 8) when 
said node (2, 4, 6. 8) is in said sleep state; 50 
second starting means (50, S410-S430) for 
switching said operating state of said node (2, 
4, 6, 8) from said sleep state to said normal 
state to transmit said start signal (WP) when 
transmission of a start signal (WP) is detected 55 
by said start signal detecting means (50, 
S320); and 

transmit permitting means (50, S360-S380) for 
permitting transmission of a desired signal 



from said node (2, 4, 6, 8) when said node (2, 
4, 6, 8) has received start signals (WP) sent 
from other nodes (2, 4, 6, 8) after said operat- 
ing state of said node (2, 4, 6, 8) has been 
switched from said sleep state to said normal 
state. 

4. The node of claim 3, wherein said transmit permit- 
ting means (50, S360-S380) is for permitting trans- 
mission of said desired signal from said node (2, 4, 
6, 8) regardless of conditions of start signals 
received from other nodes (2, 4, 6, 8) when said 
predetermined time interval has elapsed after said 
operating state of said corresponding node (2, 4, 6, 
8) has been changed from said sleep state to said 
normal state. 

5. The node of claim 1 , wherein said start signal (WP) 
has a format different from said signaling signals 
(SLNG). 

6. The node of claim 1 , further comprising: 

start condition determining means (50, S310) 
for determining whether predetermined start 
conditions for starting said system (1) have 
been established when said node (2, 4, 6, 8) is 
in said sleep state; and 

first starting means (50, S330-S350) for switch- 
ing said operating state of said corresponding 
node (2, 4, 6, 8) from said sleep state to said 
normal state when said start condition deter- 
mining means (50, S310) determines that said 
start conditions have been established and 
transmitting twice a start signal (WP) for notify- 
ing a startup of said node (2, 4, 6, 8) to other 
nodes (2, 4, 6, 8) in said system (1); 
start signal detecting means (50, S320) for 
detecting that a start signal (WP) has been 
transmitted from another node (2, 4, 6, 8) when 
said node (2, 4, 6, 8) is in said sleep state; 
second starting means (50, S410-S430) for 
switching said operating state of said node (2, 
4, 6, 8) from said sleep state to said normal 
state to transmit said start signal (WP) when 
transmission of a start signal (WP) is detected 
by said start signal detecting means (50, 
S320);and 

transmit permitting means (50, S360-S380) for 
permitting transmission of a desired signal 
from said node (2, 4, 6, 8) when said node (2, 
4, 6, 8) has received start signals (WP) sent 
from other nodes (2, 4, 6, 8) after said operat- 
ing state of said node (2, 4, 6, 8) has been 
switched from said sleep state to said normal 
state. 

7. The node of claim 6, wherein said transmit permit- 
ting means (50, S360-S380) is for permitting trans- 



11 



21 



EP0773 650A2 



mission of said desired signal from said node (2, 4, 
6, 8) regardless of conditions of start signals (WP) 
received from other nodes (2, 4, 6, 8) when said 
predetermined time interval has elapsed after said 
operating state of said corresponding node (2, 4, 6, 5 
8) has been changed from said sleep state to said 
normal state. 

8. The node of claim 6, wherein said start signal (WP) 
has a format different from said signaling signals 10 
(SLNQ). 

9. The node of claim 1 wherein said each node (2, 4, 
6, 8) is a control device for controlling a respective 
portion of a vehicle. 15 

10. Hie node of claim 1 , further comprising power sup- 
ply termination means (54) for reducing supply of 
power to said communication circuit (48) respon- 
sive to switching said operative state of said node 20 
(2, 4, 6, 8) to said sleep state by said switching 
means (50, S190, S200). 

1 1 . The node of claim 1 , wherein said predetermined 
value corresponds to a time period sufficient for all 25 
other nodes (2, 4, 6, 8) in said system (1) to trans- 
mit a signaling signal (SLNG). 

12. The node of claim 1 , wherein said comunication cir- 
cuit (48) is for transmitting control signals to other 30 
nodes (2, 4, 6, 8) in said system (1). said control 
signals including said signaling signal (SLNG). 

13. The node of claim 1, wherein said sleep state is a 
sleep waiting state in which said node (2, 4, 6, 8) is 35 
capable of receiving signals but no signals are 
transmitted. 
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